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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the capacity and the cycle life 
characteristic by using carbide as an active material capable of storing and 
releasing alkali metal of a negative electrode used with a positive electrode and a 
nonaqueous electrolyte. 

SOLUTION: An active material for a negative electrode is represented by the 
formula. In the formulaMI is at least one kind of SiGeSnPbBAIGaln and Zn; M2 
Is at least one kind of elements excluding Ml and Feand having an electrode- 
negativity larger than that of Li; 0.1<x<0.7; 0<y<0.3. At least one kind of rare 
earth elements including MgCaSrBa and YTZrVNbTaCrMo and W is preferably 
used as M2in particuiarthe combination of St as M1 and Mg or Sn as M2 is 
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preferred to increase the discharging capacity. The negative electrode active 
material stores and releases a large amount of Li or the like with thin 
reversibilityand is not accompanied by pulverization in a charging and 
discharging cycle, it is preferable in view point of the storing speed and amount 
to have a fine structure of microcrytal phase or amorphous phase satisfying that 
a haif value width of at least one of peaks of three strong radiations in the X-ray 
diffraction using CuKa as the radiation source is 0.2-50 degree. 



CLAIMS 



(Claim(s)J 

[Claim 1]An anode. 

A negative electrode provided with occlusion and negative electrode active 
material to emit for an alkaline metal. 
Nonaqueous electrolyte. 

It is the nonaqueous electrolyte secondary battery provided with the aboveand 
said negative electrode active material is characterized by being a substance 
expressed with a formula (1). 

M1 xM2yCi-x-y (1) 

(At least one sort of elements chosen from 

StgermaniumSnPbBaiuminumGainand Zn and M2 are at least one sort of 
elements chosen from an element with bigger electronegativity than Li except M1 
and Feand the inside M1 of a formula is specified as 0.1<=X<=0.7 and 0< 
Y<0.3.) 

[Claim 2|The nonaqueous electrolyte secondary battery according to claim 
1 wherein said negative electrode active material is a substance which are at 
least one sort of elements chosen from a rare earth element in which M2 
contains MgCaSrBaand YTiZrVNbTaCrivloand W in the above-mentioned 
formula (1). 
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[Claim 3]The nonaqueous electrolyte secondary battery according to claim 
Iwherein said negative electrode active material is a substance which has a 
microcrysial phase or an amorphous phase in the fine structure. 
[Claim 4]The nonaqueous eiectroiyte secondary battery according to claim 
1 wherein said negative electrode active material is a substance by which the half 
peak width delta in at least one peak (2 theta) is expressed with 0.2 degree <~ 
delta (2 theta)<=50 degrees among peaks of the about 3 line in a peak acquired 
by an X diffraction made into a line source in CuKalpha, 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the InventionjThis invention relates to a nonaqueous electrolyte 
secondary battery and the nonaqueous eiectroiyte secondary battery which 
improved especially the negative electrode active material. 
[0002] 

[Description of the Prior ArtjThe nonaqueous electrolyte secondary battery which 
used a lithium metala lithium alloya lithium compounds carbon materia letc. for 
negative electrode active material is expected as a high energy density 
battery and research and development are furthered briskly. 
[0003]the lithium ion battery [ lithium ] using [ using LiCo02LiMn 2 04etc. as 
positive active materia! in the inside of the above-mentioned nonaqueous 
electrolyte secondary battery until now ] occlusion and the carbon material to 
emit as negative electrode active material - large - utilization -- nowit is. 
[0004]On the other handas for the rechargeable battery which used the lithium 
metal for the negative electrodewhat is expected for capacity to become high is 
not yet put in practical use. Degradation of lithium by the reaction of nonaqueous 
electrolyte and a lithium metal when a lithium metal is used for this main reason In 
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order that desorption by generating of lithium of the shape of a dendrite by 
repetition of charge and discharge (arborescence) may occuran interna! short 
circuit arisesor it has the problem that cycle life property is short. 
[0005] in order to solve such a problemthe research which uses a lithium alloy 
and a lithium compound for a negative electrode was made. Howeverin 
alloyssuch as a iithium aluminum afloysince pulverization would arise in an 
electrode if deep charge and discharge are repeated although reactivity with 
nonaqueous electrolyte is controlled and charge and discharge efficiency 
improvesthere was a problem in cycle life property. Lithium compoundssuch as 
Li^TisraC^also have dramatically small service capacity. 
(OOOOjOn the other handin order to carry out the safety owner of the lithium of 
what has capacity smaller than these negative electrode active material to the 
cycle performance where occlusion and the carbon material to emit do not have 
a problem of pulverization and which was excellent reversiblyit has resulted in 
utilization like ****. 

l0007]Under these circumstancesthe proposal which uses charcogen 
compoundssuch as an oxide and a nitridefor negative electrode active material is 
made from a viewpoint of much more formation of negative-electrode high 
capacity, for exampleSnO and SnO? (J P7- 122274 A.) Capacity and cycle life 
property are improved [ JP7-235293A and ] furtherusing amorphous oxides (JP7- 
288123A)such as SnSiCb and SnSii-xPxOaas negative electrode active material. 
Howeverthe improvement of capacity and cycle life property is not yet made fully. 
[0008]Sn 2 Feand Sn 2 FeCo 3 - 12 are used for 405 pages - 427 pages of J. 
Electrochem. Soc.Vol.146No.2and 1999 as a negative electrode. 
When two phases which show the stoichiometric composition of SnFe 3 C which is 
Sn 2 Fe and Li non-occlusion phase which are Li occlusion phases are 
intermingledit is indicated that cycle life property improves. 
Howeverservice capacity is smaller than about 200 mAh/g and a carbon material. 
[0009]ln JP9-213335AWhen a little elements M (it consists of one sort of 
elements chosen from MgaluminumSiCaSnand Pb) contain in the high crystalline 
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carbonaceous materia! which has d002 [ of 0.340 nm or iess jAlthough it is 
indicated that the capacity of a negative electrode improvesthe improvement of 
cycle life property and capacity is not yet made fully. 
[0010] 

[Prob!em(s} to be Solved by the InventionJThis invention was made in order to 
solve the above-mentioned conventional problemand it tends to provide the 
nonaqueous electrolyte secondary battery which excelled [ high capacity ] in the 
cycle life by using the negative electrode which was excellent in cycle life 
property with high capacity. 
[001 13 

[Means for Solving the ProblemJfComposition of this invention] Nonaqueous 
electrolyte secondary batterywherein this invention is a material characterized by 
comprising the following by which said negative electrode active material is 
expressed with a formula (1) in a nonaqueous electrolyte secondary battery. 
Anode. 

A negative electrode provided with occlusion and negative electrode active 
material to emit for an alkaline metal. 
Nonaqueous electrolyte. 

[001 23 

M1 x M2yCl-x-y<1) 

(At least one sort of elements chosen from 

SigermaniumSnPbBaluminumGalnand Zn and M2 are at least one sort of 
elements chosen from an element with bigger electronegativity than Li except M1 
and Feand the inside Ml of a formula is specified as 0.1<-X<-0,7 and 0< 
Y<0.3.) 

As for said negative electrode active materialin this inventionit is desirable In the 
above-mentioned formula (1) for M2 to be the material which are at least one sort 
of elements chosen from a rare earth element containing MgCaSrBaand 
YTiZrVNbTaCrMoand W. 
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[001 3] As for said negative electrode active materialin this inventionit is desirable 
that it is the materiai which has a microcrystal phase or an amorphous phase in 
the fine structure. 

[0014]As for said negative electrode active materialin this inventionit is desirable 
for the half peak width delta in at least one peak (2 theta) to be the material 
expressed with 0.2 degree <= delta (2 theta)<=50 degrees among peaks of the 
about 3 line in a peak acquired by an X diffraction which made CuKalpha a line 
source. 

[Operation of this invention] A composite carbon material of a specific 
presentation containing carbon shown by a formula (1) and M1and M2 element is 
used for this invention as negative electrode active material like the above- 
mentioned. Said negative electrode active material does not have occlusion and 
a problem of pulverization accompanying [ emitand the reversibility of occlusion 
and release reaction is highand ] a charging and discharging cycle in large 
quantities in alkaline metalssuch as Li. Thereforetf such negative electrode active 
material is usedcapacity of a nonaqueous electrolyte secondary battery will be 
raised compared with a nonaqueous electrolyte secondary battery which used 
carbon for negative electrode active materialand improvement in a cycle life can 
also be aimed at compared with a nonaqueous electrolyte secondary battery 
which used materials other than conventional carbon for negative electrode 
active material. 

[001 5] As for said negative electrode active materialin this inventionit is desirable 
that it is the material which has a microcrystal phase or an amorphous phase in 
the fine structure, it does occlusion and discharge of an alkaline metal by that 
causeand especially a volume change at the time of occlusion is controlled in an 
alkaline metaiit cannot carry out pulverization of the crystal but it not only 
contributes to increase of capacitybut it can raise cycle life property. 
[0016]An analysis result of peak intensity by an X diffraction serves as an index 
of content of micro crystallite contained in negative electrode active materia lor an 
amorphous phase. In a peak acquired from especially high capacity and a long 
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lasting viewpoint by an X diffraction which made a line source CuKalpha of said 
negative electrode active materialit is desirable for the haif peak width delta in at 
least one peak {2 theta) especially to be what is expressed with 0.2 degree <- 
delta (2 theta)<=50 degrees among peaks of the about 3 line. 
[0017] 

[Embodiment of the InventionjHereafterwith reference to nonaqueous electrolyte 
secondary battery (for examplecylindrical shape nonaqueous electrolyte 
secondary battery) drawing 1 concerning this inventions explains in detail. 
[001 8] For exampleas for the container 1 of closed-end cylindrical shape which 
consists of stainless steefthe insulator 2 is arranged at the pars basilaris ossis 
occipitalis. The electrode group 3 is stored by said container 1 . Said electrode 
group 3 has structure which wound spirally the band-like thing which laminated 
the anode 4the separator Sand the negative-electrode 6 ** separator 5 so that 
said separator 5 might be located outside. 

[001 9] Nonaqueous electrolyte is accommodated in said container 1. The 
insulating paper 7 with which the opening of the center section was carried out is 
arranged above said electrode group 3 in said container 1 . Said obturation board 
8 is being fixed to said container 1 by arranging the insulating obturation board 8 
at the upper opening of said container land caulking near [ said ] an upper 
opening inside. The positive pole terminal 9 has fitted in in the center of said 
insulating obturation board 8. One end of the positive electrode lead 10 is 
connected to said anode 4and the other end is connected to said positive pole 
terminal 9respective!y. Said negative electrode 6 is connected to said container 1 
which is a negative pole terminal via the negative electrode lead which is not 
illustrated. 

[0020] H owe verthe shape of the nonaqueous electrolyte secondary battery 
concerning this invention may not be limited to the above-mentioned shapeand 
may be shape as occasion demandssuch as a square shape and a button 
typebesides cylindrical. The electrode group stored in the container of said cell 
may make not only a spiral type but an anodea separatorand a negative 
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electrode the gestalt which carried out pfurai iaminates in this order. 
[0021]Nexta negative electrodean anodea separator and nonaqueous electrolyte 
are explained in detail. 

1) The negative electrode concerning negative-electrode this invention is a 
material by which said negative electrode active material is expressed with a 
formula (1) as negative electrode active material. 
[0022] 

M1 xM2yCi-x-y(1) 

at least one sort of elements in which the inside M1 of a formula (1) was chosen 
out of SigermaniumSnPbBaluminumGalnand Zn. M2 is at least one sort of 
elements chosen from the element with bigger electronegativity than Li except 
M1 and Feand is specified as 0.1<=X<=07 and 0< Y<0.3. 
M1 is at least one sort of elements chosen from 

SigermaniumSnPbBaluminumGalnand Znand shows the operation which carries 
out occlusion discharge of the alkaline metal. Especially as M1in order that 
SiSnBaluminumand Zn may increase service capacity remarkablyit is desirable. 
[0023] M1 is just one or more sortsand may be two or more sorts of combination. 
Especially the combination of Si and aluminum is a point which raises discharge 
potentialand especially the combination of Si and Sn is desirable in respect of 
high-capacity-izing and reinforcement. 

[0024] M2 is at least one sort of elements chosen from the element with bigger 
electronegativity than Li except M1 and Feand the material shown by the formula 
1 is considered that micro-crystallite-izing or the operation made amorphous is 
shown. 

[0025]The rare earth elementTt in which M2 contains MgCaSrBaand Ylt is 
desirable in respect of high-capacity-izing and reinforcement by their being at 
least one sort of elements chosen from ZrVNbTaCrMoand Wand stilf more 
desirable in their being at least one sort of elements chosen from 
MgCaTiZrNband Cr. 

[0026]M2 is just one or more sortsand may be two or more sorts of combination. 
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[0027]Since service capacity increases especially when Mi is [ M2 ] the 
combination of Mg or Sn in Sithe combination of M1 and M2 is desirable. 
[0028]Aithough the range of X is 0.1<*X<*0.7it is 0.2<-X<-0.6 preferably [ it is 
more desirable and ] to 0.15<-X<~0,65 and a pan. Service capacity increases 
remarkably that it is this range. 

[0029]Although the range of Y is 0< Y<0.3it is 0.05<=Y<=0.2 preferably [ it is 
more desirable and ] to 0.01<=Y<=0.25 and a pan. Cycle life property improves 
that it is this range. 

[0030]As for said negative electrode active material is desirable to have a 
microcrystal phase or an amorphous phase in the fine structure. Therebycapacity 
and cycle life property can be increased. 

[0031]Like the above-mentionedas for said negative electrode active materialit is 
desirable to have a microcrystal phase or an amorphous phaseand the degree of 
the micro-crystallite-izing or amorphous-izing can make the analysis result by an 
X diffraction an index. Namelym the peak from which said negative electrode 
active material was obtained by the X diffraction which made CuKalpha the line 
sourceif the half peak width delta in at least one peak (2 theta) uses the material 
expressed with 0.2 degree <- delta (2 theta}<~50 degrees among the peaks of 
the about 3 line - moderate - material - a part - micro-crystallite-izing - or it 
has become amorphous and cell capacity and cycle life property can be made 
high. The range of 1.0 degree <= delta (2 theta)<=40 degrees of delta (2 theta) is 
2.0 degrees <- delta (2 theta}<~30 degrees still more preferably more 
preferablyalthough delta (2 theta) is 0.2 degree <- delta (2 theta)<-50 degrees. 
[0032]About 3 line is counted from the peak which has the maximum intensity in 
the peak acquired by the X diffractionand means the peak to the 3rd here. 
Having specified aforementioned delta (2 theta) is based on the following 
reasons. If occlusion speed becomes remarkably small and exceeds 50 degrees 
when the above is less than 0.2 degreean occlusion amount will decrease. 
[0033]As a method of producing the sample of the negative electrode active 
material concerning this inventions high frequency solution processarc melting 
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methods intering processrapid quenchingatomizing methodplating methodCVD 
methodsputtering techniquemechanical approachand roliing meihoda sol gef 
processetc. are mentioned. A mechanical approachrapid quench ingand a 
sintering process are mentioned especially preferably. 
[0034]Said negative electrode active material is producible by mixing 
mechanically with a pianet type ball mill devicefor example by carrying out 
specified quantity mixing of C and M1and M2for exampleand performing 
mechanical processing. When mixingit not only generates from the element 
powder to constitutebut the method of using an intermetallic compound and 
carbon compounds as a starting materia! is one of the effective means. 
(0035jOr quenching material is [ C and M1and M2 1 producible with a 
hyperquenching device after specified quantity mixing. It is desirable to carry out 
by the single roiling method or the congruence rolling method as a quenching 
method. 

[0036]A sample can be obtained by heat-treating the powder of C and M1and M2 
** under an inert gas atmosphere or a vacuumafter mixing and carrying out 
application-of-pressure molding so that it may become a predetermined ratio. 
Heat treatment may be performed after production. 
fQ037]A negative electrode is produced by being suspended to a suitable 
solventdrying [ apply them and ] and pressing said negative electrode active 
materiala conducting materialand a binder in metallic foilssuch as copper foiiand 
making it a band electrode. 

[0038]As said conducting agentacetylene blackcarbon blackbiack leadetc. can be 
mentionedfor example. 

[0039]As said bi nderpolytetrafl uoroethylene (PTFE)poiyvinylidene fluoride 
(PVdF)fiuorine system rubberethylene-butadiene rubber (SB R)carboxym ethyl 
cellulose (CMC)etc. are mentionedfor example. 

[0040]As for the compounding ratio of said negative electrode active materiala 
conducting agentand a binderit is preferred to use the range of 70 to 95 % of the 
weight of negative electrode active materiaiO to 25 % of the weight of conducting 
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agentsand 2 to 1 0 % of the weight of binders, 
2} An anode anode is produced by being suitably suspended to a 
soiventapplyingdrying and pressing this suspended soiid in charge coflectorssuch 
as aluminium foiland using a conducting agent and a binder as a band electrode 
at positive active material, 

[0041 ]As for said positive active materiaivarious oxides and a sulfide are 
mentioned. For examplemanganese dioxide (Mn02)a lithium manganese multiple 
oxide (for exampieLiMrteCb or LiMn02)Lithium nickel complex oxide (for 
exampleLiNi0 2 )a lithium cobalt multiple oxide (LiCoOsJA lithium nickel cobalt 
multiple oxide (for exampleLiNii. y Co x 02)a lithium manganese cobalt multiple 
oxide (for exampleLiMn>Coi. x 02)a vanadium oxide (for exampleVsOsletc. are 
mentioned. 

[0042]Organic materialssuch as conductive polymer material and a disulfide 
system polymeric materialare also mentioned. The lithium manganese multiple 
oxide whose ceil voltage of a more desirable anode is high (LiM n204)Lithium 
nickel complex oxide (LiNi02)a lithium cobalt multiple oxide (LiCoOaJA lithium 
nickel cobalt multiple oxide (LiNio 3Coo.20 2 )a lithium manganese cobalt multiple 
oxide (LiMn x Coi.x02)efc. are mentioned. 

[0043jAs said conducting agentacetylene blackcarbon blackblack leadetc. can be 
mentionedfor example. 

[0044] As said binderpolytetrafluoroethylene (PTFE)polyvinylidene fluoride 
(PVdF)fluorine system rubberetc. are mentionedfor example. 
[0045]As for the compounding ratio of said positive active materia la conducting 
agentand a binderit is preferred to use the range of 80 to 95 % of the weight of 
positive active material to 20 % of the weight of conducting agentsand 2 to 7 % 
of the weight of binders. 

3} As the separator aforementioned separatorthe nonwoven fabric made of a 
synthetic resina polyethylene porosity fiima polypropylene porosity filmetc. can 
be mentionedfor example. 

4) The liquefied electrolysis solution prepared when the nonaqueous electrolyte 
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aforementioned nonaqueous electrolyte dissolves an electrolyte in a nonaqueous 
solvent. Or the polymers gel electrolyte containing said nonaqueous solvent and 
said eiecirolyteihe solid polymer electrolyte only containing said electrolyteand 
the inorganic solid electrolyte that has lithium ton conductivity are mentioned to a 
polymer material, 

[00483AS a liquid electrolyteit is what dissolved lithium salt in the nonaqueous 
solvent of the lithium cell as an electrolyteand a publicly known nonaqueous 
solvent can be usedlt is more preferred than cyclic carbonatesuch as ethylene 
carbonate (EC) and propylene carbonate (PC)and cyclic carbonate and cyclic 
carbonate to use the nonaqueous solvent which makes a subject a mixed solvent 
with the nonaqueous solvent (the following 2nd solvent) of hypoviscosity. 
[0047]As the 2nd soiventfor example Dimethyl carbonatemethylethyl 
carbonateChain carbonatesuch as diethyl carbonategamma- 
butyroiactoneDimethoxyethanediethoxyethaneetc. are mentioned as chain 
ethersuch as a tetrahydrofuran and 2-methyltetrahydrofuranas acetonitrilemethyl 
propionateethyl propionateand cyclic ether. 

[0048]As an electrolytealthough alkali salt is mentionedespeciaily lithium salt is 
mentioned. As lithium saltlithium hexafiuorophosphate (LiPF 5 )Lithium- 
borofluoride (IJBF4) and arsenic lithium hexafluoride (LiAsFs)lithium perchlorate 
(LiCI04)trifluoro meta-sulfonic acid lithium (LiCF3S0 3 )etc. are mentioned. In 
particularlithium hexafiuorophosphate (LiPFe) and lithium borofluoride (UBF4) are 
preferred. As for the dissolved amount to said nonaqueous solvent of said 
electrolyteit is preferred to carry out in L and 0.5-2.0 moi /. 
[0049]lt is what dissolved said solvent and said electrolyte in the polymer 
material as a gel electrolyteand was made into gelAs a polymer materialthe 
polymer of monomerssuch as poiyacrylonitriiepolyacrylatepolyvinylidene fluoride 
(PVdF)and polyethylene oxide (PECO)or a copolymer with other monomers is 
mentioned. 

[0050]As a solid electrolyteit dissolves in a polymer material and said electrolyte 
is solidified. As a polymer materialthe polymer of monomerssuch as 
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poiyacrylonitrilepoiyvinylidene fluoride (PVdF)and polyethylene oxide (PEO)or a 
copolymer with other monomers is mentioned. The charge of a ceramic material 
containing lithium is mentioned as an inorganic solid electrolyte. Li3NLf3P04-Li2S- 
SiS 2 glassetc. are mentioned especially. 
[0051] 

[ExampiejHereafterit explains with reference to drawing 1 which mentioned the 
example of this invention above. 
(Example 1) 

production of an anode> - first 91 % of the weight of lithium cobalt oxide 
{UC0G2) powder of positive active material with 2.5 % of the weight of acetylene 
black3 % of the weight of graphiteand 4 % of the weight of polyvinylidene 
fluorides (PVdF). N-methyl-pyrrolidone (NMP) solution was addedand it 
mixedand applied to the charge collector of 15-micrometer-thick aluminium 
foiland the anode of electrode density 3.0 g/cm 3 was produced by pressing after 
desiccation. 

As production of negative electrode> negative electrode active materiaiC and 
Snand the element powder of Mg were mixed by the ratio shown in the following 
table land it produced by carrying out 50 time processings at 100 rpm using the 
planet type ball mill. 

[0052]Then5 % of the weight of graphites % of the weight of acetylene blackand 
7 % of the weight of PVdF(s) and a NMP solution were added to 85 % of the 
weight of this powderit mixedand the negative electrode was produced by 
applying to the charge collector which consists of 12 -micrometer-thick copper 
foiland drying and pressing in it. 

After laminating the < production of electrode group> aforementioned anodethe 
separator which consists of a porosity film made from poiyethylenesaid negative 
electrodeand said separator in this orderrespectivelyit wound spirally and the 
electrode group was produced so that said negative electrode might be located in 
an outermost periphery. 

1 .0 moi/l. of lithium hexafluorophosphate (UPFe) was dissolved in the mixed 
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solvent of ethylene carbonate (EC) and methylethyl carbonate (MEC) at (the 
mixed volume ratio 1 :2)and nonaqueous electrolyte was adjusted to the 
adjustment of nonaqueous eiectrolyte> pan. 

[0053]The cylindrical shape nonaqueous electrolyte secondary battery shown in 



soiutionrespectivelyand mentioned them above in the closed-end cylindrical cup 
made from stainless steel was assembled. 

[0054]The same nonaqueous electrolyte secondary battery as Example 1 was 
assembled except using the negative electrode active material shown in Table 1 
as Examples 2-20. 

(0055jMesophase pitch system carbon fiber which heat-treated the comparative 
example 1 at 3000 ** as negative electrode active material (a fiber diameter 8 
micrometers) 20 micrometers and the average spacing d (002) produced the 
negative electrode on the same conditions as the above and Example 1 using 
the carbonaceous material powder of specific surface area 2 [ of 2 m j/g by 0.3360 
nm and a BET adsorption methodand mean fiber length assembled the 
nonaqueous electrolyte battery like Example 1 using this negative electrode. 
[0056]The comparative examples 2 and 3 produced the negative electrode on 
the same conditions as Example 1 respectivelyusing Li-AI powder and SnO 
powder respectively as negative electrode active materialand assembled the 
nonaqueous electrolyte battery like Example 1 using this negative electrode. 
[0057]After adding the impalpable powder of silicon carbide (SiC) to the 
mesophase pitch obtained from the petroleum pitch as negative electrode active 
material and distributing it uniformlycarry out spinning of the comparative 
example 4carry out non-deliquesceand it is carbonized and pulverized at 600 ** 
under an inert gas atmosphereThe negative electrode was produced like 
Example 1 using the carbonaceous material particles obtained by graphitizing at 
2600 ** under an inert atmosphere and application of pressure further after 
thatand the nonaqueous electrolyte battery was assembled like Example 1 using 
this negative electrode. 




stored said electrode group and said electrolysis 
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[0058]About the obtained ceitafier charging to 4.2V by the charging current 1A for 
2.5 hoursthe charge-and-discharge cycle test discharged by 1 A to 2.7V was 
done. From the resultthe service capacity ratio and capacity maintenance rate 
(as opposed to the service capacity of 1 cycle eye) of each example are 
measuredand the result is shown in the following table 1 , A service capacity ratio 
is a ratio at the time of setting capacity of the carbonaceous material negative 
electrode of the comparative example 1 to 1. In the peak acquired by the X 
diffraction which made the line source CuKalpha of the negative electrode active 
material of each exampiethe value of the half peak width delta in at least one 
peak (2 theta) is written together among the peaks of the about 3 line. 
(0059jThe rechargeable battery of Examples 1-20 of this invention is understood 
that the capacity maintenance rate at the time of service capacity and 300 cycles 
is high so that clearly from Table 1 . 
[Table 1] 

[0060] 

[Effect of the inventionJAs explained in full detail aboveaccording to this 
inventionthe lithium secondary battery with which service capacity and a cycle life 
have been improved can be provided. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

(Drawing TJThe fragmentary sectional view showing the lithium secondary battery 
concerning this invention. 
[Description of Notations] 

1 [ - A separators / - A negative electrodes / ~~ Obturation board ] A 
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containers - An electrode group4 -- An anodeS 
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